Genetic and biochemical investigations have provided substantial evidence for the view that physiological reactions are under the control of nuclear genetic material. These investigations have also indicated that the inability to carry out cellular biochemical reactions is a phenotypic expression of gene change and presumably results from gene-determined variations in the formation and/or the characteristics of particular enzyme systems.
Genetic and biochemical investigations have provided substantial evidence for the view that physiological reactions are under the control of nuclear genetic material. These investigations have also indicated that the inability to carry out cellular biochemical reactions is a phenotypic expression of gene change and presumably results from gene-determined variations in the formation and/or the characteristics of particular enzyme systems.
Although the existing evidence suggests a close relationship between gene, enzyme and physiological reaction, the manner in which enzymes are controlled by genes and affected by gene change is poorly understood. In an effort to define more clearly the relationship between gene and enzyme, the present investigation was initiated.
Characteristics of Mutant Strains C-83 and S-1952.-The two Neurospora mutants employed in this investigation, strains C-831 and S-1952,2 are characterized by a tryptophan requirement which cannot be satisfied by indole. The biochemical reaction presumably blocked in the two mutants, the coupling of indole and serine, has been demonstrated to be the principal and probably the sole means of tryptophan synthesis in Neurospora. 3 Since the enzyme catalyzing tryptophan synthesis, tryptophan desmolase, is extractable from wild type mycelium in an active cell-free state,4 mutants C-83 and S-1952 constitute material in which the relationship of gene to enzyme can be investigated readily.
The tryptophan requirement characteristic of mutants C-83 and S-1952 was demonstrated to be due to a single gene. From crosses of each mutant with several standard wild type strains, invariably 1:1 segregation of the tryptophan requirement was observed in all asci tested. Both the C-83 and S-1952 mutant genes are approximately the same distance from the centromere (C-83 uncorrected centromere distance = 32 based on 51 asci, S-1952 uncorrected centromere distance = 33 based on 57 asci) and are linked to the fluffy locus (fluffy locus centromere distance = 29).5 Allelism tests were performed with the two mutants by Dr. Dorothy Newmeyer of Stanford University and of 6300 ascospores obtained by crossing the mutants to each other, no tryptophan independent ascospores were recovered. Attempts in this laboratory to form tryptophan independent heterocaryons between the two mutants were also unsuccessful. Pre- liminary reversion experiments employing ultraviolet light as a mutagenic VOL. 38, 1952 agent indicate that both mutant genes revert to tryptophan independence (T+) at about the same frequency (C-83, 43 T+/2.9 X 107 viable macroconidia; S-1952, 44 T+/1.8 X 107viable macroconidia). Together these observations suggest that the C-83 and S-1952 mutant genes (henceforth designated as td1 and td2, respectively) are either allelic or closely linked.
In the absence of contradictory evidence, they will be considered alleles in this paper. However, further experiments are in progress which are designed to examine more fully the linkage relationships between the two mutant genes and the nature of the reversions to tryptophan independence.
Since both mutants are blocked in the conversion of indole to tryptophan their culture filtrates were tested for possible indole accumulation. Indole (tentatively identified on the basis of color reactions with p-dimethylaminobenzaldehyde and xanthydrol) and anthranilic acid as well were present in culture filtrates from both strains. Mutant S-1952 was consistently found to accumulate several times as much indole as did mutant C-83. Whether or not this can be used as a distinguishing characteristic is difficult to tell at present since tryptophan dependent cultures obtained by crossing the two mutants to wild type strains show many different levels of indole accumulation. However, strains with the td2 allele always accumulate more indole than do strains with the tdh allele.
The nutritional behavior of mutants C-83 and S-1952 suggests that both strains lack the enzyme present in wild type strains which catalyzes tryptophan synthesis from indole and serine. To obtain direct evidence bearing on this possibility experiments were performed to determine whether or not extracts' from mutant mycelium contain tryptophan desmolase activity. These tests were carried out with extracts and preparations from mutant mycelium which was grown under various culture conditions. The methods employed in obtaining tryptophan desmolase preparations are described in detail elsewhere.6 For greater assay sensitivity a modification of the tryptophan desmolase assay procedure6 was employed in these experiments. The incubation mixture contained 0.2 or 0.3 MuM indole, 60 MAM DL-serine, 20 These results are in agreement with those obtained previously by Mitchell and Lein'0 in a study of one of these mutants, C-83. They too were unable to detect tryptophan desmolase activity in extracts from this mutant. The only report of the presence of tryptophan desmolase activity in mutant C-831" has been retracted'2 as a result of further experimentation. At the present time, therefore, it appears that neither extracts from strain C-83 nor from strain S-1952 contain tryptophan desmolase activity which can be detected by the methods employed.
Although tryptophan desmolase activity could not be demonstrated in mutant extracts, it is conceivable that there is active desmolase in the mutants and that the enzyme is destroyed during extraction or is inactive under the assay conditions employed. To obtain some data concerning Fig. 1 ). It can also hours be seen in figure 1 that C-83 strains FIGURE 3 require less tryptophan to reach
Variation in the tryptophan desmolase maximum growth when they carry content of wild type mycelium with time.
For the unit of enzyme activity see (6) . (see table 1 ). Thus the suppressor gene when present with the td2 allele restores both the ability to synthesize tryptophan desmolase and to grow in the absence of exogenous tryptophan; neither of these effects is observed in strains with the tdl-su genotype.
An effort was made to compare the amount of tryptophan desmolase in strain S-1952-su with the amount in wild type strains with and without the suppressor gene. The tryptophan desmolase content of wild type mycelium varies considerably with time as can be seen in figure 3 and, in view of the growth behavior of strains S-1952-su and wild type carrying the suppressor gene (see Fig. 2 ), such a comparison is difficult. Accepting these uncertainties, the maximum amount of tryptophan desmolase found in a suppressed S-1952 strain was approximately '/20 of the maximum amount of tryptophan desmolase that is formed by wild type strains. Comparisons of the affinity of the two partially purified enzyme preparations for their substrates and for their coenzyme were also performed.
In the determinations of the Michaelis constant for serine, excesses of indole and pyridoxal phosphate were employed and indole uptake was 2 measured. A Lineweaver-Burk plot'5 of kinetic data for serine is shown in figure 5 . The approximate Km value for serine for both preparations can be estimated from figure 5 to be 3.4 X 10-3 M. This value agrees fairly well with the value of 6 X 10-3 M found for wild type tryptophan desmolase preparations under different conditions.6 Pyridoxal phosphate saturation curves are shown in figure 6 . The pyridoxal phosphate concentration required to restore half-maximum activity is approximately the same for the two enzyme preparations, 3 X 10-6 M. It can also be seen from figure 6 that neither enzyme preparation (both were partially purified) was active in the absence of pyridoxal phosphate. The velocity of indole uptake by both preparations is essentially zero order at indole concentrations higher than 2 X 10-4 M.
The energy of activation was determined for partially purified wild type and suppressed-mutant preparations. Excesses of indole and pyridoxal phosphate and a limiting concentration of serine were employed. Indole uptake was measured and the corresponding decrease in serine concentration was calculated and is plotted in figure 7 (a) . The velocity constants obtgined from these curves were then used to determine the energy of activation. The log k against 1/T plot is shown in figure 7 (b) . In this figure it can be seen that the points obtained with the two enzyme preparations fall on the same line. The energy of activation, therefore, is approximately 12,000 cal./mole. in each case.
Thus the tryptophan desmolase preparations obtained from both strains appear to be similar by the criteria applied.
Discussion.-The data presented in this paper permit certain conclusions conceming the relationship between gene and enzyme. The studies with In strain S-1952-su then, two genes, both in specific forms, appear to be required for the synthesis of tryptophan desmolase.
In addition to this case in which two specific genes appear to be required for the formation of a single enzyme, there are other cases in which mutation of any one of a number of genes affects the formation of single enzymes. [16] [17] [18] Together, these findings might be interpreted as indicating that the relationship between genes and enzymes is exceedingly complex. However, since so many cellular reactions are interrelated and interdependent it is difficult to tell at which level the complexity exists. The effect of temperature on the rate of serine uptake (indole uptake was measured) by tryptophan desmolase preparations from a wild type strain (-O) and from strain S-1952-su (@-*). 2 X 10-4 M indole, 4 X 10-2 M DL-serine, 30 ,g. barium pyridoxal phosphate per ml. r vi*w of the fact that two genes, each differing from its wild type allele, are required for tryptophan desmolase synthesis in strain S-1952-su, one might expect the tryptophan desmolase formed by this strain to have altered properties. In a preliminary comparison in which a number of enzyme characteristics were examined, no major difference was found between the tryptophan desmolase extracted from strain S-1952-su and the same enzyme extracted from a wild type strain. To be sure, the methods employed could not reveal all types of changes that could occur in the suppressed mutant desmolase, nor are they sensitive enough to detect very slight changes. However, the catalytic 'portion of S-1952-su tryptophan desmolase, at least, does not appear to be altered appreciably.
The question of the effect of gene change on enzyme specificity has been considered in other investigations"6-'9 and, as yet, there is no clear demonstration of a change in enzyme specificity as a result of gene mutation. Summary.-Two allelic tryptophanless Neurospora mutants, both unable to use indole for growth, were examined for tryptophan desmolase, the enzyme which catalyzes tryptophan synthesis from indole in wild type strains. Tryptophan desmolase activity could not be detected in extracts or in various preparations from either strain. One of these mutants, S-1952, does form tryptophan desmolase and grow in the absence of an exogenous supply of tryptophan when it is carrying a specific suppressor gene. This suppressor gene does not similarly affect the tryptophanless strain (C-83) with the allelic mutant gene. Since C-83-su strains do not form tryptophan desmolase, it appears that both the S-1952 mutant gene and the suppressor gene are required for tryptophan desmolase synthesis in strain S-1952-su. The tryptophan desmolase formed by a S-1952-su strain was compared with the tryptophan desmolase of a wild type strain and no major differences were detected.
